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Students who have difficulty with reading and writing are at risk to continue
having difficulty throughout their schooling. Lack of time and resources may be a
contributing factor for students not receiving additional instruction for both skills.
However, there is evidence that balanced reading and writing programs can be effective.
The purpose of this study was to examine the effectiveness of the Write Sounds
intervention for students who had deficits in reading and writing. This study was a
multiple baseline across participants design with three first-grade students who showed
difficulty with reading, spelling, and phonemic awareness. Students received 40 minutes
of instruction for two days a week. The primary outcome measure was word reading with
a secondary measure of spelling. Results showed that the Write Sounds intervention
increased participants’ word reading abilities. Researchers concluded that Write Sounds
was effective for the students who completed the instruction. Future research should
examine the Write Sounds intervention program in its entirety with students at different
grade levels and with different needs.
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CHAPTER 1
Introduction
Reading and writing are critical skills for multiple areas of life from careers to
socialization. Unfortunately, some students may not be acquiring these skills at a level
needed to use the skills for independent learning and communication. According to the
National Assessment of Educational Progress (NAEP) only 35% of fourth-grade students
in the United States are considered at or above the NAEP proficiency level for reading in
2019 (U.S. Department of Education, 2019). Only 28% of fourth-grade students were
considered at or above the NAEP proficiency level for writing in 2002, the last time that
writing has been assessed nationally (U.S. Department of Education, 2019).
Even more concerning is that the end of third grade is a crucial marker for
educational development. Failure to read proficiently by third grade is linked to higher
dropout rates (Annie E. Casey Foundation, 2010). This suggests that early intervention
may be crucial for some students to find success in reading and writing. Fortunately,
studies have shown that early reading interventions gain greater effects of improving
literacy skills, as opposed to interventions that start later (Ehri et al., 2001; Volkmer et
al., 2019).
The NAEP data suggests there are still many students who struggle to proficiently
read and write by the fourth grade, which is alarming considering the end of third grade is
a crucial marker for development (Annie E. Casey Foundation, 2010). A balanced
literacy intervention may be beneficial for these students. For a literacy intervention to be
considered balanced, at most only 60% of instruction should be devoted to either reading
or writing (Graham et al., 2018). Two reasons are discussed that support utilizing
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interventions that balance reading and writing. The first reason is that it can be hard for
teachers to find the resources and time to implement the interventions, therefore using
balanced interventions would save time and resources. A national survey conducted in
2012 found that kindergarten through grade 12 teachers in the United States were highly
stressed. A few sources of stress were lack of time to prepare lessons, lack of support
from administration, and also lack of support for teaching “needy” students (Richards,
2012).
The second reason is that reading and writing are reciprocal (Graham, 2020).
Graham suggests because reading and writing are reciprocal, they should be integrated
(Graham, 2020). A meta-analysis conducted by Graham and colleagues examined the
effects of balanced reading and writing interventions. The balanced programs examined
in the study showed to improve students’ reading with an average effect size of 0.39
(Graham et al., 2018). Balanced programs also seem to improve student’s writing, with
an average effect size of 0.37 (Graham et al., 2018). The instruction of spelling skills may
also improve word reading skills. A meta-analysis conducted by Graham & Hebert
(2010) found an effect size of 0.68 for spelling instruction and its impact on improving
students’ word reading skills (Graham & Hebert, 2010).
A viable solution to remediate some of the concerns previously listed is to employ
an intervention that addresses related reading and writing skills together. One such
intervention is Write Sounds. The Write Sounds intervention focuses on improving
handwriting, decoding, and spelling skills (Shanahan-Bazis, 2020). The intervention
integrates the instruction of graphemes with the corresponding phonemes in the context
of spelling to increase the intended outcomes. Balanced reading and writing programs, as
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well as early intervention, are both evidence-based practices, therefore a further
examination of the intervention may be warranted.
How are Reading and Writing Related?
Language behavior draws upon four different systems: language by ear
(listening), language by eye (reading), language by mouth (talking), and language by
hand (writing) (Berninger, 2000). Each of these systems work independently, but also
interact with each other as each system develops (Berninger, 2000). Reading and writing
specifically draw from common knowledge. The shared cognition model articulates that
reading and writing are like “two buckets drawing water from a common well.”
(Shanahan, 2016, p. 195).
Theoretical models also establish all the components that are needed to write and
read. The direct and indirect effects model of writing (DIEW) suggest that there are
hierarchical structural relations among the different components involved with writing
(Kim & Park, 2019). According to Kim & Park, executive functioning skills have a
“cascading effect” on writing (Kim & Park, 2019, p. 1321). To explain further, executive
functioning (including working memory) supports the development of lower-level skills,
including discourse oral language and transcription skills. If a student does not have the
necessary skills to properly develop the lower-level skills, it may be more difficult to
develop the higher-level skills, thus the cascading effect. The direct and indirect effects
model of reading (DIER) states that word reading is predicted by working memory (Kim,
2017). Both models highlight the importance of working memory in writing and reading.
Therefore, if working memory plays an important role in both reading and
writing, students who struggle with working memory may show difficulties in learning
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both reading and writing. Peng and Fuchs (2016) conducted a meta-analysis that
examined working memory in children who displayed reading and math difficulties. The
results indicated that students with reading difficulties showed deficits in verbal working
memory and numerical working memory compared to typically developing students
(Peng & Fuchs, 2016) It may be beneficial to examine balanced reading and writing
programs with students who have working memory difficulties. The current study does
not examine if balanced interventions improve students’ working memory, but rather if
students with working memory difficulties might benefit from balanced literacy
instruction.
Evidence also suggests that writing, specifically writing words in this study, can
promote reading. Suggate and colleagues (2016) conducted a study that examined fine
motor skills and the effects on decoding, attention, working memory, and phonemic
awareness. The participants included 51 preschoolers who were assigned to 3 different
groups. The first group did not write and just pointed at the target words, the second
group wrote target letters and words with a conical-shaped pencil to represent impaired
writing conditions, and the third group used a normal pencil to write target words. The
group who used a regular pencil to write the target words increased their decoding skills
the most out of each group (Suggate et al., 2016). The results from this study highlight
the importance of handwriting for reading skills, which supports reading-through-writing
approaches (Graham & Hebert, 2010).
The relationships between reading and writing were examined in a study
conducted by Berninger and colleagues (2002). The first approach in the study examined
the relationships between handwriting, spelling, and word reading. The study included
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600 children in 1st through 6th grade, with 50 girls and 50 boys in each grade. They found
that word recognition had a significant direct influence on handwriting and spelling
(Berninger et al., 2002). The authors hypothesized that the ability to read words correctly
may influence the ability to write words correctly. They also found that spelling
instruction may influence word recognition, and word recognition instruction may
influence spelling.
Ehri (2000) specifically looked at the relationship between learning to read and
learning to spell. Both skills require phonological awareness. The reader blends the word
after identifying each phoneme in the word, and the speller segments, or pulls apart, the
phonemes in a word and writes the correct grapheme associated with the phoneme (Ehri,
2000). Ehri also identified six studies that examined the relationship between reading and
spelling and found correlations ranging from 0.68 to 0.86 (Ehri, 2000)
Instructional components of reading, writing, and spelling are also similar.
Reading words and spelling words rely on knowledge of the alphabetic system and
knowledge about the spelling of specific words (Ehri, 2000). The alphabetic system is the
knowledge of letter-sound correspondences and spelling patterns (Shriver, 2000).
Systematic phonics, which includes the alphabetic system, is the instruction of lettersound correspondence and then applying the knowledge to reading and spelling (Shriver,
2000). The primary difference between decoding and spelling, then, is that decoding
requires grapheme-to-phoneme knowledge, while spelling requires phoneme-tographeme understanding (Birsh & Carreker, 2018).
Chen and Savage (2014) looked at the effects of letter-sound correspondences and
spelling patterns in their study that examined the effects of teaching common complex
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grapheme-to-phoneme correspondences (GPC) to student’s spelling and reading skills. A
group of 38 1st and 2nd graders was split into two groups. One group was taught complex
GPCs, while the other group focused on the usage of each target word. The complex GPC
group performed better at post-tests for spelling, word recognition with words containing
the GPCs that were taught, as well as words that did not contain the GPCs (Chen &
Savage, 2014).
There is sufficient evidence that reading and writing are related, and integrating
instruction of the two skills may be beneficial. Research also provides evidence-based
instructional practices for reading and writing, specifically looking at phonemic
awareness and handwriting, which are considered essential for literacy development
(Shriver, 2000). For handwriting, effective strategies include short daily exercises
(Berninger et al., 2008) with direct explicit instruction (Hughes et al., 2017). Visual cues,
such as motion models, are also effective (Santangelo & Graham, 2016). The use of selfevaluation is also considered beneficial (Graham, 2010). An example of self-evaluation is
to ask students to circle the best two letters that they wrote. For phonemic awareness,
instruction should also be brief (Birsh & Carreker, 2018) with direct explicit instruction
(Hughes et al., 2017). Phonemic awareness instruction should include the connection
between graphemes and phonemes. This includes the alphabetic system, which is
considered the bridge between reading and spelling words (Shriver, 2000). These
evidence-based practices are utilized in the Write Sounds intervention.
The Write Sounds Intervention
Write Sounds focuses on improving handwriting, decoding, and spelling skills. In
the intervention, students practice tracing and writing letters, writing dictated letters from
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the letter sounds, and writing words and sentences. The program includes both reading
and writing instruction, specifically phonemic awareness for reading and handwriting for
writing, making it a balanced intervention (Graham et al., 2018).
The initial study of Write Sounds showed promise that the intervention increased
handwriting accuracy and spelling outcomes (Shanahan-Bazis, 2020). The intervention
showed promise for increasing phonics skills, but data collection was terminated
prematurely due to the Covid-19 pandemic. Unfortunately, only 5 out of the 11 weeks of
the intervention were implemented and not all of the assessments for the outcome
measures were administered. The participants in the initial study were second and thirdgrade students. Given that early identification, as well as treatment, is considered crucial
for student’s success (Volkmer et al., 2019), investigating the effects of the intervention
with younger students seems warranted. The initial study also did not examine the effects
on word reading skills. Yet, research suggests that writing and spelling instruction may
increase word reading skills (Berninger et al., 2002, Graham, 2010). Thus, examining the
Write Sounds’ effects on word reading, with the secondary outcome measure of spelling,
seems worthy of investigation as well. Two research questions were examined in the
current study:
(1) What is the impact of Write Sounds on word reading skills for first-grade
children with working memory difficulties that also have difficulty in one or
more basic reading or spelling skills?
(2) What is the impact of Write Sounds on spelling skills for first-grade children
with working memory difficulties that also have difficulty in one or more
basic reading or spelling skills?
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The purpose of the current study was to examine the effects of the Write Sounds
intervention for students who had word reading, spelling, and phonemic awareness
difficulties. The current study is a replicated study reported by Shanahan-Bazis (2020)
with first-grade students.
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CHAPTER 2
Method
The study utilizes a multiple-baseline design across participants to examine the
effects of the Write-Sounds intervention on word reading and spelling skills. The
dependent variables were measured prior to, during, and after the intervention phase. The
researcher measured the dependent variables at least 7 times with each participant before
beginning the intervention phase. Participants were selected for the study because they
were not responding to business as usual curriculum for reading and writing in their
classrooms and were on the waiting list or enrolled at a University Reading Center for
additional supports in those areas.
Participant Inclusion Criteria
To be eligible for the study, the participants had to meet the following criteria: (a)
enrolled in first grade, (b) scored below the 25th percentile in at least one of four subtests
from the WIAT-III (i.e., alphabet fluency, word reading, pseudoword decoding, and
spelling), and (c) showed working memory difficulties by scoring below the 25th
percentile in the subtests Memory for Sentences and Last Word from the Stanford Binet
Intelligences Scales (Fifth Edition).
The researcher expected participant’s scores to cluster around the 25th percentile,
considering they were enrolled in a reading/writing tutoring program, but did not want to
eliminate a participant if they scored merely above the 25th percentile, such as the 27th or
28th percentile. The researcher also did not want to eliminate a participant if they scored
below the 25th percentile in one or two subtests, but above the 25th percentile in other
subtests considering the intervention is balanced and focuses on both reading and writing
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components. Because of these reasons, the researcher decided the participant would be
included if they scored below the 25th percentile in at least one of the four subtests.
Participants
Three participants were recruited from a Reading Center at a university in the
Midwest. Two participants, Jared (7-year-old male) and David (8-year-old male), were on
the waitlist and one participant, Paige (7-year-old female), was enrolled in the program.
All the participants were in first grade. All participants were white, English speaking
students. Jared and David went to different schools in the city in which the university is
located, and Paige was homeschooled in a neighboring city. Table 2.1 describes each
participant’s scores for the screening measures.
Table 2.1
Description of Inclusion Criteria Percentile Scores for each Participant
Alphabet
Word Pseudoword Working
Spelling
Fluency
Reading
decoding
Memory

Age

Gender

Jared

8y 4m

M

79th

14th

58th

73rd

5th

David

8y 5m

M

75th

14th

18th

32nd

16th

Paige

7y 6m

F

53rd

14th

7th

4th

5th

Setting
All assessment and instructional sessions took place virtually over Zoom, due to
state and local Covid-19 restrictions that were in place at the time of the study. The
researcher used a Zoom link and utilized the waiting room feature so that only one
participant was allowed in the meeting at a time. The researcher used a neutral
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background in a quiet room to conduct the sessions. Jared and David always had a parent
who sat beside them during the meetings to make sure they were attentive during the
session. Jared met in a separate room with a desktop computer. David met in a separate
room with a desktop computer. Paige usually met in her kitchen or outside with either a
tablet or phone.
Materials
The participants and the researcher both used a computer device and had reliable
internet. Participants received in the mail a printed version of the Write Sounds student
response book, the Write Sounds fluency graph and chart for self-progress monitoring,
materials needed for the initial screening measures, notebook paper, a pencil, and some
colored pencils and stickers to use for the self-monitoring graph and chart. The researcher
created PowerPoint presentations for the lessons and word reading measures. Participants
used notebook paper or regular paper and a writing utensil to complete the spelling test.
Measures
Screening Measures
WIAT-III Subtest: Alphabet Fluency. For the alphabet fluency measure,
participants wrote as many alphabet letters as they could for 30 seconds. The researcher
totaled the number of legible letters to get the participant’s raw score. The raw score was
then converted to a percentile. The researcher administered this subtest to evaluate
student’s handwriting and overall knowledge of the alphabet letters. The SpearmanBrown split-half correlation for the alphabet fluency subtest was .69 (Breaux, 2010).
WIAT-III Subtest: Spelling. For the spelling measure, participants spelled
progressively more difficult words. The test was discontinued after the participant
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consecutively spelled four words incorrectly. The researcher totaled the number of
correctly spelled words to get the participant’s raw score. The raw score was converted to
a percentile. The researcher administered the spelling test to evaluate participant’s
knowledge of spelling patterns (i.e. short and long vowels) as well as letter sounds. The
Spearman-Brown split-half correlation for the spelling subtest was .87 (Breaux, 2010).
WIAT-III Subtest: Word Reading. For the word reading measure, participants
read the words displayed on the computer screen. The researcher created a PowerPoint of
the words in the test so that it could be administered over zoom. Administration of the
test was discontinued after the participant consecutively read four words incorrectly. The
researcher totaled the number of words read correctly to get the participant’s raw score.
The raw score was converted to a percentile. The researcher administered the word
reading subtest to evaluate participant’s word reading skills, as word reading was the
primary dependent variable. The Spearman-Brown split-half correlation for the word
reading subtest was .98 (Breaux, 2010).
WIAT-III Subtest: Pseudoword Decoding. For the pseudoword decoding
measure, participants read “nonsense” words (i.e. ‘ik’, ‘fip’, ‘zad’) displayed on the
computer screen. The researcher created a PowerPoint for the words on the test so that it
could be administered over zoom. Administration of the test was discontinued after the
participant consecutively decoded four words incorrectly. The researcher totaled the
number of words decoded correctly for a raw score. The raw score was converted to a
percentile. The researcher administered the pseudoword decoding measure to evaluate the
participant’s ability to decode words as well as letter-sound knowledge. The SpearmanBrown split-half correlation for the pseudoword decoding subtest was .97 (Breaux, 2010).
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Stanford Binet Intelligences Scales (Fifth Edition): Memory for Sentences and
Last Word. The researcher administered the subtests Memory for Sentences and Last
Word to measure participant’s working memory abilities. For the assessment, Memory
for Sentences, the researcher dictated a sentence and the participant repeated the
sentence. If they responded correctly, they received a point, and if they responded
incorrectly, they did not receive a point for the sentence. For the Last Word assessment,
the researcher asked each participant 3 ‘yes’ or ‘no’ questions. Each participant answered
each question, and after the third question the researcher asked the participant to recite
the last word from each question. The participant received a point for each word they
could remember correctly and 2 points if they could recite it in the correct order.
Dependent Measures
Word reading was the primary dependent variable and used to decide when each
participant moved from baseline to the intervention phase. There is evidence that learning
to read and learning to spell are related (Ehri, 2000), so spelling abilities were also
measured. The researcher used the results from the screening measures to differentiate
the starting point of instruction for each participant, specifically looking at each
participant’s knowledge of short and long vowels from the spelling subtest. Because of
this, the measures for the dependent variable needed to reflect what each student learned
specifically. Jared and David started instruction at the advanced level of the intervention
which focused on long vowel sounds. Paige started instruction at the beginning of the
intervention and focused on the letters of the alphabet as well as short vowel sounds. As a
result, 2 separate word lists were created. One list aligned with the advanced curriculum
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and one aligned with the beginner curriculum. This allowed the researcher to specifically
measure each participant’s growth according to instruction.
Word Reading. To measure each participant’s word reading abilities, the
researcher randomly selected words from the respective word list to create word reading
sets. 20 reading sets were created for the beginning and advanced curriculum with 22
words in each set.
For the advanced curriculum, each set included the long vowels A (spelled a-e,
and ay), E (spelled e-e and ee), I (spelled i-e and y), O (spelled o-e and oa), and U
(spelled u-e and oo). Each set included 2 words for each vowel spelling, as well as two
randomly selected short vowel words, for a total of 22 words in a set. All of the words
were one-syllable, except for athlete and compete, which were included as practice in
Write Sounds. Multiple words in each list that had the digraphs sh, wh, th, and ch, which
were included in the intervention. All of the words were 3-6 letters long. Among the
words in the list, 47% of the words were 5 letters long, 47% were 4 letters long, 5% were
3 letters long, and 1% were 6 letters long.
For the beginner curriculum, each set included words with the short vowels A, E,
I, O, U. Each set contained 2 words from the short vowel CVC list and two words from
the CVCC/CCVC list for a total of 20 words. Two more CVC words were randomly
selected for a total of 22 words in each set. All of the words were one-syllable.
To administer the word reading measure, the researcher used PowerPoint slides
that had one word on each slide for the participant to read. The participants read the word
or said, “I don’t know”. The researcher then advanced the slideshow to the next word.
When the participant read the word correctly, the researcher marked a “yes” by the word
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on the recording form. If the participant either said the word incorrectly or stated they
didn’t know, the researcher marked the word with a “no”. If they stated they didn’t know,
the researcher prompted the student to try their best and sound out the word. The
researcher gave verbal praise after a word was read correctly. The researcher counted all
the words read correctly and then divided by the total number of words (22) to get a
percentage.
Spelling. To measure each participant’s spelling abilities, the researcher randomly
words from the respective word lists to the spelling sets. 30 spelling sets were created for
both the beginning and advanced curriculum with 12 words in each set.
For the advanced curriculum, the researcher randomly selected 1 word from each
long vowel spelling list for a total of 10 words. Then, the researcher randomly selected 2
words from any short vowel list for a total of 12 words in each set.
For the beginner curriculum, the researcher randomly selected two words from
each short vowel list (A, E, I, O, U) for a total of 10 words. Then, the researcher
randomly selected 2 words from the CVCC/CCVC word lists for a total of 12 words in
each set.
To administer the spelling test, the researcher asked the participants to write each
word on their notebook paper. The researcher dictated the word, a sentence with the word
used in it, and the word again. The participant said “done” after they finished writing so
the researcher knew to advance to the next word. Usually, the parent took a picture of the
spelling test to send to the researcher, or the participant would hold up the test and the
researcher would screenshot the spelling test over zoom. To assess spelling, the
researcher counted all the words spelled correctly and divided it by 12 to get a
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percentage. A word was considered to be spelled correctly when all the letters to form the
word were written correctly/legibly and all the letters were in the correct order.
Procedures
Participants engaged in the baseline condition for at least 7, 10-minute sessions,
depending on their placement in the design of the study. After Jared and David completed
the baseline phase, due to scheduling complications, the researcher and participants
decided to meet 2 days a week for 40 minutes instead of 3 days a week for 20 minutes
(the originally agreed upon schedule from the consent form). For the intervention phase,
Jared and David met for 11 sessions. The intervention sessions included 2 lessons of
Write Sounds. Each Write Sounds lesson ended with 1 reading and 1 spelling measure.
Paige met 2 days a week for the baseline and intervention phase. In the intervention
phase, she completed one lesson each session for a total of 8 lessons. The researcher
conducted all the sessions.
Baseline. The baseline condition included the reading and spelling tests. After
each test, the researcher provided verbal praise to the participant. The number of baseline
sessions varied between each participant due to the design of the study.
Write Sounds Intervention. The intervention condition included the Write
Sounds intervention. The Write Sounds program uses a set sequence of instruction for
each new grapheme introduced. First, the researcher instructed the letter formation while
emphasizing the verbal output of the corresponding phoneme. Then, the participant
practiced the grapheme-phoneme connection through tracing and writing the grapheme.
Lastly, the participant repeated independent practice of the grapheme-phoneme
connection through writing letters in isolation when the researcher dictated the
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corresponding phoneme of the letter (letter-sound practice), as well as spelling dictated
words, phrases, and sentences (letter-sound transfer) (Shanahan-Bazis, 2020).
The researcher followed a soft script from the teacher manual. Three components
were implemented in each lesson to achieve the primary outcome of the intervention. The
first component was explicit instruction of the letter formation sequence. The researcher
modeled writing each letter using the annotate feature on zoom. The second component
involved the student’s repeated practice of forming a letter while also verbalizing the
letter sound. The third component implemented in the intervention was the practice of
blending and unblending letters and sounds to spell words, phrases, and sentences.
Jared and David started at the advanced curriculum, which focused on digraphs
and long vowels. Paige started at the beginning of the curriculum, which focused on the
alphabet letters and short vowels. For the advanced curriculum, each lesson ‘set’
introduced 2 graphemes. In each lesson ‘set’, the first lesson introduced the graphemes,
the second lesson reviewed the new graphemes that were taught, and the third lesson was
a cumulative review. For the beginner curriculum, each lesson ‘set’ introduced 2-3
graphemes for each lesson ‘set’. Each lesson ‘set’ was 2 lessons, the first lesson
introduced the new graphemes, and the second lesson was a cumulative review.
Maintenance. The maintenance condition included up to 5 reading and spelling
tests to measure if participants maintained what they learned from Write Sounds. The
researcher gave verbal praise was given after each participant completed the tests.
Treatment Integrity/Fidelity
To assure treatment integrity, the researcher obtained treatment fidelity on 25% of
the intervention sessions. The researcher completed training for the instruction of Write
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Sounds as well as obtained a booster session for treatment fidelity at the beginning of the
study. The research assistant used a fidelity checklist to ensure the researcher adhered to
all components of the lesson. The research assistant completed fidelity checks for each
participant. Each participant’s environment varied which in turn affected instruction. For
Jared and David, the intervention was implemented at a high degree of fidelity, with 99%
of the instructional steps completed correctly. For Paige, the intervention was
implemented with 79% of the instructional steps completed correctly. However, it is
important to note that low fidelity scores for Paige were based on lack of compliance
from the student, rather than missed instruction components. For example, a component
on the checklist that was frequently missed for Paige was, “student repeats high
frequency word.” The instructor prompted for the student to repeat the word consistently,
but the student often did not comply, resulting in lower fidelity scores.
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CHAPTER 3
Results
Word Reading Results
Word reading was the primary outcome measure used to make decisions for
moving each participant from baseline to the treatment phase. Figure 3.1 graphically
represents each participant’s word reading results, as well as the statistical results in
Table 3.1.
Jared
Jared was the first participant in the study to receive instruction. Jared’s reading
baseline showed a modest increase in trend for the first four data points, and then
decreased slightly for the last three data points (SD = 6.24). The researcher collected 7
data points before Jared started the intervention. Jared completed all 22 lessons in the
advanced curriculum. Jared showed a gradual increase in trend (SD = 13.49), until he
consistently hit the top score of 100% at lesson 18 for the rest of the intervention. For the
maintenance phase, his scores varied between 95% and 100% (SD = 2.89). Overall, his
reading scores increased from baseline (M = 65.57) to intervention (M = 84.14), and then
stayed consistent with his increased scores in the maintenance phase (M = 97.50).
David
David started instruction after Jared received 8 lessons in the intervention.
David’s reading baseline was variable (SD = 12.79) and showed a modest upward trend
for the 9 data points that were collected. Once he started the intervention, his scores
increased past baseline, indicating a change in level. He also showed a gradual increase in
trend throughout the intervention phase (SD = 13.98). David completed all 22 lessons in
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the advanced curriculum as well. For the maintenance phase, he consistently scored
100% on all but 1 of the data points that were collected (SD = 2.24). David showed an
increase in reading scores from baseline (M = 32.78) to intervention (M = 73.95) and
stayed consistent with his increased scores in the maintenance phase (M = 99).
Figure 3.1
Word Reading Percentage Scores for each Participant
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Paige
Paige received instruction after David completed 8 lessons in the intervention.
She completed 9 baseline assessments before she began instruction. Her reading baseline
was considerably stable (SD = 5.99). Unfortunately, due to time constraints Paige only
completed 8 lessons of the intervention. Once she started instruction, Paige’s word
reading data demonstrated a change in level, compared to baseline, indicating the
instruction increased her word reading abilities. She also showed an increase in trend
from baseline (M = 38.38) to intervention (M = 65.50). The baseline data is also
considerably stable, demonstrating experimental control for Paige’s results.
Table 3.1
Means and Standard Deviations for Word Reading Scores in Baseline, Intervention, and
Maintenance Phase
Participant

Baseline

Intervention

Maintenance

M

SD

M

SD

M

SD

Jared

65.57

6.24

84.14

13.49

97.5

2.89

David

32.78

12.79

73.95

13.98

99

2.24

Paige

38.38

5.99

65.50

8.59

N/A

N/A

Conclusion
Jared and David’s baseline data were more variable and may have demonstrated a
slight upward trend. Paige’s baseline data was more consistent. Each participant was still
in school at the start of the intervention, which may explain the slight increasing baseline
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trend that is displayed in the data. For the intervention phase, David and Paige showed an
increase in scores once they started the intervention, demonstrating a change in level.
Jared showed an increase in trend, although some of his intervention data overlaps with
his baseline data. A reason for this may be that Jared scored significantly higher on the
screening measures than the other participants. His higher percentile scores indicate that
he may not have needed the intervention to improve some skills. Jared also scored
significantly higher in his baseline scores (M = 65.57), than David (M = 32.79) or Paige
(M = 38.38), indicating that he had some of the specific skills taught in the intervention,
which may have led to ceiling effects, or reduced the amount of growth possible for any
given session. Jared and David also maintained their high scores when they were assessed
after completing the intervention.
Spelling Results
Spelling was the secondary measure in the study. Figure 3.2 graphically
represents each participant’s spelling results, as well as the statistical results in Table 3.2.
Jared
Jared’s baseline spelling scores were significantly variable for the seven data
points that were collected (SD = 11.83), and also demonstrated a modest increase in
trend. He showed a small gradual increase in scores throughout the intervention (SD =
14.45), but much of his intervention scores were consistent with the baseline scores. His
maintenance phase scores also showed some variability (SD = 10.72). He showed a slight
increase when he started the maintenance phase, but his scores gradually decreased for
the remainder of the phase. The maintenance phase scores averaged higher (M = 70.75)
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than intervention (M = 51.55) and baseline scores (M = 29.71), suggesting some growth
in spelling throughout the intervention, but not until the end of the intervention.
Figure 3.2
Spelling Percentage Scores for each Participant

David
David’s spelling scores were also variable throughout the study. His scores were
slightly variable in baseline (SD = 7.05). During the intervention phase, his scores
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showed small increases (SD = 13.63) but stayed pretty consistent with his baseline scores.
His score increased substantially at lesson 19, and then decreased slightly as he finished
the intervention. His spelling scores were also variable during the maintenance phase (SD
= 9.31). Overall, he did show an increase in spelling scores from baseline (M = 15) to
intervention (M = 23.14). His scores did not increase in the maintenance phase but stayed
consistently higher than baseline or the intervention phase (M = 39.80).
Table 3.2
Means and Standard Deviations for Spelling Scores in Baseline, Intervention, and
Maintenance Phase
Participant

Baseline

Intervention

Maintenance

M

SD

M

SD

M

SD

Jared

29.71

11.83

51.55

14.45

70.75

10.72

David

15.00

7.05

23.14

13.63

39.80

9.31

Paige

15.63

7.13

36.60

18.35

N/A

N/A

Paige
Paige’s spelling scores were also more variable. Paige completed 8 spelling
assessments in baseline before beginning instruction. Her baseline scores were pretty
consistent (SD = 7.13) but did show a slight increase in trend. She did start to show a
change in level as she began the intervention, with the exception of the last data point.
The environment Paige conducted her zoom sessions in was considerably distracting,
which may be the reason for her low score after lesson 5 in the intervention phase.
Towards the end of the intervention, Paige’s sessions were shorter, resulting in less time
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to complete the spelling measure. It is difficult to indicate if Paige’s scores increased
because of the intervention because she had so few data points.
Conclusion
Overall, each participant’s spelling scores were more variable. Paige
demonstrated a change in level from baseline to the intervention phase, with the
exception of the last data point, but she did not have an adequate amount of a data to
determine if the intervention affected her scores. Jared’s spelling scores do not
demonstrate a change in level from his baseline scores until lesson 15. The same goes for
David as he did not demonstrate a change in level until lesson 19. Because of these
reasons, we cannot attribute growth in spelling to the intervention.
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CHAPTER 4
Discussion
The purpose of the current study was to examine the effects of the Write Sounds
intervention program for students with difficulties in word reading, spelling, and
phonemic awareness. Learning to read and learning to spell are related (Ehri, 2000), so
the effects of Write Sounds on word reading and spelling were measured.
Impact of Write Sounds on Word Reading
The first research question was, “What is the impact of Write Sounds on firstgraders’ word reading abilities?” Overall, 2 out of the 3 participants showed immediate
growth after starting the intervention. For David and Paige, the intervention showed some
promise for potentially being moderately effective for improving their word reading
abilities; both of their intervention scores were higher than their baseline scores,
demonstrating a change in level between baseline and intervention. Jared displayed a
gradual increase in trend, although did not improve immediately once he started the
intervention. In sum, participant’s word reading abilities for 2 out of the 3 participants.
Although this may not be entirely attributable to the intervention, it also cannot be ruled
out that the intervention contributed to these gains, and it is actually likely that it
provided some contribution, given that the gains align with our hypotheses. Therefore,
more research should be conducted, but this study offers preliminary evidence of promise
for the intervention.
These results are similar to two studies discussed in the introduction. First, the
meta-analysis conducted by Graham & Hebert (2010) that found an effect size of 0.68 for
the impact of spelling instruction and word reading. The researcher in the current study
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used Write Sounds to teach long-vowel spelling patterns and found that the intervention
slightly improved student’s word reading skills. Second, the Write Sounds intervention
also focuses on teaching GPC’s through the practice of writing the letter while saying the
sound, similar to the study conducted by Chen & Savage (2014).
Unfortunately, due to the Covid-19 pandemic, Shanahan-Bazis (2020) was not
able to measure reading outcomes in the original study. She created a pseudoword
decoding measure to assess decoding outcomes but was not able to use it as her study
ended abruptly. The current study expands on the original study by providing evidence
that the Write Sounds intervention may improve word reading skills for younger students.
Impact of Write Sounds on Spelling
The second research question was, “What is the impact of Write Sounds on firstgraders’ spelling abilities?” Spelling was examined as a secondary measure considering
the relationship between spelling and reading (Ehri, 2000). Due to the variability of the
data, we cannot attribute growth in spelling to the intervention. It is important to note that
the spelling tests included words with the spelling patterns that the researcher taught over
the course of the intervention. Participants did not receive full instruction on the spelling
patterns that appeared on the test until lesson 19 for the advanced curriculum, and lesson
15 for the beginner curriculum. Participants learned about spelling word patterns in
general, but not the specific words they were going to be assessed on. This could have
impacted the results. For example, for a spelling assessment a participant could have
written the long vowel spelling pattern correctly, but if they wrote another part of the
word incorrectly, they did not receive points for that word.
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The variability of the spelling outcomes was not predicted by the researcher, but
nonetheless still interesting to examine. Insignificant spelling outcomes were also evident
in the original study conducted by Shanahan-Bazis. In the original study, there were no
statistical differences between the control and treatment groups on spelling measures
(Shanahan-Bazis, 2020). The participants in the Shanahan-Bazis (2020) study were not
able to complete the intervention, and therefore did not learn all the spelling patterns that
were examined on the spelling measure. The current study found similar results in that
the participants did not seem to increase their spelling scores until the last few lessons of
the intervention. This may have been due to a delayed impact of the intervention, but we
did not have experimental control to determine whether that is the case.
Further Discussion of the Results
Another important topic of discussion is the role of working memory. Each
participant in the study scored below the 25th percentile for working memory. As
discussed earlier, working memory plays an important role in the development of reading
and writing (Kim, 2017; Kim & Park, 2019). The current study examined reading and
writing outcomes for the Write Sounds intervention, a balanced reading and writing
intervention, with participants who had working memory difficulties.
A negative of implementing balanced interventions with students who have
working memory difficulties is that it may be too difficult to hold the information
required for both reading and writing in their minds. This reasoning may be an
explanation for the gradual growth that we experienced with the participants. Conversely,
a benefit of balanced interventions may be that it requires students to hold less
information in their mind as they are learning both reading and writing. Overall, we
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found the intervention to be moderately effective with the participants’ word reading
skills, which may justify a further examination of the benefits of balanced reading and
writing programs for students with working memory difficulties.
Lastly, an advantage of the single-case design study is that it can be tailored to the
individual participant(s). The current study differentiated the starting point of the Write
Sound intervention (beginner or advanced) depending on how the participants scored on
the screening measures. The study design allowed the researcher to tailor the intervention
to each participant’s specific needs so participants could benefit from the intervention and
the researcher could see more growth from each participant. This led to results that could
be examined individually.
Limitations and Future Research
Some limitations should be kept in mind when interpreting the results of this
study. First, the study was conducted over zoom. Writing was especially hard to monitor
over zoom, which explains why there was not a huge emphasis on handwriting for the
current study, even though it was a primary outcome of the original study conducted by
Shanahan-Bazis (2020). Participants also encountered distractions from other family
members which would delay instruction and may have possibly altered the effectiveness
of instruction.
Future research should examine the effects of Write Sounds in a classroom
environment. Unfortunately, due to the Covid-19 pandemic, the original study was
discontinued prematurely, and the current study was conducted virtually using Zoom. It
would be beneficial to examine the intervention in its intended setting and its entirety.
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Second, the intervention started while the participants were in school and ended
during the summer. Jared and David meet for sessions after-school while Paige usually
met in the morning since she was homeschooled. The researcher and parents of the
participants noted that sometimes Jared and David would be fatigued from the school day
by the time we met for sessions. This could have affected their scores. Future research
should examine the implementation of Write Sounds during the summer, or as
supplemental instruction in the classroom to limit the possibility of student fatigue
affecting the scores.
Third, due to time constraints and scheduling difficulties, Paige did not receive
the full intervention. She showed a positive relationship to the intervention, but
unfortunately was not able to complete all the lessons. Another limitation with Paige’s
data is her spelling scores. Unfortunately, towards the end of the study, the researcher
noticed that Paige became frustrated with the intervention, especially towards the end of
the sessions. The researcher decided to continue with only the reading measure to
encourage Paige to continue with the intervention. As a result, the researcher collected
only 5 spelling data points for Paige. Future research should examine Write Sounds with
more participants than the current study, as the third participant did not receive the full
intervention.
Conclusion and Recommendations
The Write Sounds intervention seemed to be moderately related to increased
participant’s word reading abilities (despite low experimental control), strengthening the
evidence that reading-through-writing and writing-through-reading approaches can be
beneficial (Graham & Hebert, 2010). Participant’s also increased their spelling scores,
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but it wasn’t until the end of the intervention that they showed an increase, similar to the
results found in the Shanahan-Bazis (2020) study. Unfortunately, since participant’s
baselines were more variable for the spelling outcome, we cannot attribute spelling
increases to the intervention, and more research is warranted. A pre-test and post-test
measure may be more suitable for measuring spelling with this intervention.
If teachers consider implementing a similar intervention using video conferencing
in the future, they should consider that Zoom can be difficult to use as an instructional
platform for elementary students. A recommendation for teachers who may be working in
similar situations over Zoom is to make sure everything is explicit for the student. The
teacher should display on the screen what the student is working on and do the work with
the student. The teacher can also underline or highlight specific areas for the student on
Zoom. If the student is having trouble engaging with the instruction, try to give mini
breaks throughout the lesson. In the current study, the researcher would put funny
pictures of animals on a slide to separate each part of the lesson and add a small break.
Another way of doing this could be asking the student a question that isn’t related to
school, such as “what did you do yesterday?”.
Finally, a recommendation for working with students who may have working
memory difficulties is to have patience. The participants in the current study showed a
gradual increase in growth, so students with working memory difficulties may not show
immediate results. Researchers and educators should acknowledge that they may
experience a possible delay of results when working with students who show working
memory difficulties.
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APPENDIX A
STUDY INFORMATION

STUDY INFORMATION SCRIPT
APPROVAL LETTER
PARENT INFORMED CONSENT
YOUTH ASSENT
DEMOGRAPHIC SURVEY
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STUDY INFORMATION SCRIPT

Hello, your child has been asked to participate in a research study conducted by
researchers at the University of Nebraska - Lincoln. The researchers are looking for
participants in 1st grade who may be showing difficulties with reading and writing. For
the study, your child will be asked to meet with the researcher after school on zoom. The
sessions will be 25 minutes long, 3 days a week, for 12 weeks. During the sessions, your
child will practice handwriting, letter-sound correspondence, and also writing sentences.

If this is something you are interested in the researchers will be happy to answer any
questions you may have about the study. Can we give them your information so they can
contact you?

If you have any questions you can also contact them directly:

Brittany Wambold
Brittany.ringler@huskers.unl.edu

Michael Hebert
michael.hebert@unl.edu
(402) 472 - 3307

Thank you for your time!
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APPROVAL LETTER
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PARENT INFORMED CONSENT

IRB
INFORMED CONSENT
IRB Pr oject ID#: 20773
For mal Study Title:
Examining the Write Sounds intervention within a single-case design study
Pr incipal Investigator :
Brittany Wambold
Secondar y Investigator :
Michael Hebert, Ph.D.

Cell: (402) 641-8817

Email: Brittany.ringler@huskers.unl.edu

Office: (402) 472-3307

Email: Michael.hebert@unl.edu

Key Infor mation:
If you agree to participate in this research study, the project will involve:
•
•
•
•

•

•
•
•
•

Students who are experiencing difficulty with writing and phonemic awareness who are
enrolled in 1st grade
The study will take approximately 36 sessions total (3 days a week for 12 weeks)
Each session will be 25 minutes (15 hours total), excluding the initial screening session
which will be approximately 60 minutes
Procedures will include:
o You will be asked to complete a short demographic questionnaire
o Students will complete two reading, two writing, and one working memory
screening assessment to determine eligibility for the study (1 session, 60 minutes)
o After the screening session, all students will complete 3-9 baseline assessments
in which they will be asked to write the letter of the sound that the researcher
dictates to them (1-2 weeks, 25 minutes each)
o Students will then receive the Write Sounds intervention, a supplemental
handwriting and phonemic awareness intervention (9 weeks, 25 minutes each)
o After the instructional lessons, students will complete 3-9 maintenance sessions
in which they will be asked to write the letter of the sound that the researcher
dictates to them (1-2 weeks, 25 minutes each)
Because of the staggered design of the study, time in the baseline and maintenance
phases will be dependent on when the child begins the instructional phase. All
participants will participate in the study for 12 weeks regardless of how many baseline
and maintenance sessions they complete.
There are no risks associated with this study
Your data collected from this study may be shared as described below
You and your child will be provided a copy of this consent form and the assent form
Your participation is voluntary, and you can decide not to participate at any time
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YOUTH ASSENT
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DEMOGRAPHIC SURVEY
Please provide the following information about your child. All of these questions
are optional, and you are not required to answer these questions if you are not
comfortable doing so.
Child’s Full Name: ___________________________
Child’s Birth date: _____________________
Gender: _____ Male
_____ Female
Racial Category (Check one):

___ White
___ Black or African American
___ Asian
___ American Indian/Alaskan Native
___ Multiracial
___ Other

School: _____________________________
1. What language(s) does your child speak (Check all that apply)?
_____ English
_____Vietnamese
_____ Spanish
_____ Arabic
_____ Other: _____________________
2. Does your child have an identified disability?
_____ Yes, please specify: ______________________
_____ No
3. Does your child receive any extra supports for reading and/or writing at school?
_____ Yes, please specify: ______________________
_____ No
4. Does your child receive free and reduced lunch?
5. What is Mother’s highest completed education?
_____ Elementary School
_____ Middle School
_____ High School
_____ 1-4 Years of College
_____ College Graduate or Higher
_____ I didn’t go to school
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6. What is Father’s highest completed education?
_____ Elementary School
_____ Middle School
_____ High School
_____ 1-4 Years of College
_____ College Graduate or Higher
_____ I didn’t go to school
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APPENDIX B
RESEARCHER-CREATED MEASURES

ADVANCED CURRICULUM WORD-READING MEASURE
ADVANCED CURRICULUM SPELLING MEASURE
BEGINNER CURRICULUM WORD-READING MEASURE
BEGINNER CURRICULUM SPELLING MESAURE
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ADVANCED CURRICULUM WORD-READING MEASURE

Form 1

Word
gate
say
lime
ply
joke
goal
huge
noon
gene
beef
date
day
pile
why
pole
foam
duke
moon
meme
beep
drag

Y or N
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fret
ADVANCED CURRICULUM SPELLING MEASURE
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BEGINNER CURRICULUM WORD-READING MEASURE

Form 2

Word
tap
peg
fig
cop
mug
wham
mend
shin
shop
spun
sat
set
pit
cot
rut
stab
west
slim
slop
sunk
tax
when

Y or N
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BEGINNER CURRICULUM SPELLING MEASURE
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APPENDIX C
WRITE SOUNDS

ADVANCED WRITE SOUNDS LESSON A (EXAMPLE)
ADVANCED WRITE SOUNDS LESSON C (EXAMPLE)
BEGINNER WRITE SOUNDS LESSON A (EXAMPLE)
BEGINNER WRTIE SOUNDS LESSON B (EXAMPLE)
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ADVANCED WRITE SOUNDS LESSON A (EXAMPLE)
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ADVANCED WRITE SOUNDS LESSON C (EXAMPLE)
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BEGINNER WRITE SOUNDS LESSON A (EXAMPLE)
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BEGINNER WRTIE SOUNDS LESSON B (EXAMPLE)
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